Background: Anti-retroviral therapy (ART) has reduced morbidity and mortality among HIV-infected individuals over the last years. The increase in survival of HIV patients has contributed to the emergence of other chronic conditions in these individuals, such as hypertension, renal, and cardiovascular disease. Hypertension and HIV infection are both mostly asymptomatic but can lead to fatal and disabling illness. Hypertension among HIV-infected individuals, although not completely elucidated, may be explained by the aging of population, the effect of HIV on vascular tone anti-retroviral therapy and traditional risk factors such as weight gain, smoking, dyslipidemia, and drug abuse. The factors associated with hypertension among ART patients in a predominantly rural setting were studied in this paper. Methods: We conducted an analytical cross sectional study at 13 health facilities in Makonde District a rural district in Mashonaland West Province of Zimbabwe where we systematically selected 393 of 400 ART patients aged 15 years and above. Structured interviewer administered questionnaires were used to collect data on demographic characteristics. Written and informed consent was sought and obtained from all study participants. We obtained parental consent followed by assent from participants younger than 16 years. All enrolled patients had physical measurements done. Chi square test and stratified & logistic regression analysis were done using Epi info version 3.5.1. All calculations were done at 95% confidence interval. Results: Results from 393 participants were analysed. The prevalence and
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Anti-retroviral therapy (ART) has reduced morbidity and mortality among HIV-infected individuals over the last years. The increase in survival of HIV patients has contributed to the emergence of other chronic conditions in these individuals, such as hypertension, renal, and cardiovascular disease. Hypertension and HIV infection are both mostly asymptomatic but can lead to fatal and disabling illness.
Hypertension, a disease characterized by sustained elevation of arterial blood pressure, occurs in all geographical areas of the world [1] . It is more common in developed countries than in economically developing countries with a prevalence of 37.3% and 22.9% respectively [2] .
Globally, raised blood pressure causes 7.5 million deaths per annum which translate to about 12.8% of all deaths [2] . Cardiovascular diseases which are responsible for 30% of all deaths worldwide are due to chronic and uncontrolled or poorly controlled hypertension [2] . Although a leading cause of morbidity and mortality in the developed countries, it is overshadowed by the burden of communicable conditions in the developing world. Little is known about hypertension in the HIV-infected population [2] [6] .
Human Immunodeficiency Virus (HIV) infection in human beings causes a chronic disease characterized by progressive loss of immunological function, consequent opportunistic infections and neoplasia leading to death [1] . About 35.3 million people were living with HIV in the world and about 68% of these live in Sub Saharan Africa. [5] Ninety percent of the infected are adults, where women constitute 52% [5] [11] [12] . The peak for HIV infection which occurs between the 25 to 49 year age group leads that of hypertension which occurs at the more advanced age groups greater than 45 years [2] - [5] .
HIV has become a manageable chronic condition through the use of antiretroviral drugs. Although HIV treatment may predispose to hypertension, there is little data about its effects in uncontrolled settings at population level; particularly in Sub Saharan Africa where the bulk of these drugs are used. Few and conflicting studies have investigated the behaviour of blood pressure in HIV patients [14] - [17] .
Hypertension and HIV are common in Zimbabwe and often occur in the same patient. Unfortunately programming for the management of these conditions is done vertically with very little scope for linkages and interaction. The STEPwise survey done in Zimbabwe in 2005 found the prevalence of hypertension to be 27% [7] . The latest demographic and health survey done in 2011 revealed a prevalence of HIV in Zimbabwe of 15% between the ages of 15 to 49 years [8] .
Hypertension and HIV account for approximately 25% and 45% of all chronic outpatient visits respectively [3] [12] . Combined they are the biggest cause of disabilities and attendances at medical rehabilitation units. By the end of 2012 about 565 675 (77%) (69%) HIV infected people were on Antiretroviral Therapy (ART) in Zimbabwe [11] [12] . The drugs used in the National ART program are, Stavudine or Zidovudine with Lamivudine and Nevirapine or Efavirenz in the first line. Tenofovir was recently introduced to the first line replacing Stavudine. Ritonavir boosted Lopinavir (Kaletra or Alluvia) is one of the drugs used for second line ART. More than 80% of ART clients are still on Stavudine based regimens [12] .
Makonde District, one of the 8 districts in Mashonaland West Province in Zimbabwe, had a population of around 232,560 people who are attended to in 38 health facilities including a tertiary hospital [13] . ART clinics in Makonde District are run vertically separate from routine OPD activities where chronic diseases are managed. Holistic care, though emphasised is not practised in ART sites. Patients are referred to other departments, other health service centres or given different dates for attention of other ailments. By the end of 2011, 9293 people were on ART in Makonde District, of which 63.2% were females, 92.3% were above 15 years and 81 clients (1%) were on second line regimens. Approximately 85% of these clients are on stavudine based regimens [13] . The majority of these clients (>75%) had well controlled HIV disease. However approximately 8% of these clients suffered a stroke at some point resulting in permanent disability. A review of statistics for January to March 2012 showed that 32% of the 324 patients aged 15 years or more, seen for management of both acute and old cerebrovascular accidents in the physiotherapy department at Chinhoyi Hospital alone, were on ART. This is higher than the estimated district HIV positivity rate of only 14%. Twenty six (26) clients had experienced strokes for the first time over this period and had no known risk factors for cardiovascular disease.
We hypothesized that hypertension was common in Makonde District and that it was associated with antiretroviral therapy. No study has been done in Zimbabwe on hypertension among ART clients.
Methods
An Analytic Cross Sectional Study was conducted among ART clients aged 15 years and above attending 13 different ART clinics in Makonde district. A sample size of 405 ART clients was required for this study after correcting for 5% attrition.
We included ART clients who were aged 15 years and older, who resided in Makonde and had been on ART for at least 6 months. Visiting clients, those who stayed in the district for less than 6 months on ART, ill clients and confirmed secondary hypertensives were excluded.
Three ART initiating sites, Chinhoyi Provincial, Makonde Christian and St Rupert's Hospitals, were purposively selected for this study. Ten follow up sites were randomly selected from the using the lottery method by assigning the 35 health facilities with numbers from 1 to 35 and randomly picking similarly numbered pieces of paper from a hat raised higher than the head of the investigator who was picking the numbers. Quota sampling reflecting volume of clients was done for each chosen centre such that the busiest centre Chinhoyi Hospital had the highest number of clients (203) and the follow up clinics 4 clients each.
Clients were systematically selected from the daily OI/ART attendance register for each centre. The sampling interval was obtained by dividing the total number of clients turning up on a given day by the number of respondents calculated for that centre for that day. The first client was chosen randomly by picking the client whose number corresponded to the first digit appearing on a random number generated by a scientific calculator. Records of selected respondents were reviewed to measure variables such as date of HIV diagnosis, duration on ART and ART regimen, stage of HIV disease and co-morbidity.
Structured interviewer administered questionnaires were used to collect data on the following variables: age, sex, level of education, occupation, level of income, alcohol use, tobacco use, concomitant use of herbs and level of activity. Direct measurements were done to collect data on the following variables: waist circumference (cm), hip circumference (cm), weight (kg) and height (cm) The waist to hip ratio (W.H.R) and Body Mass Index (B.M.I) were computed from these variables and classified using World Health Organization (WHO) standards ( Table 1, Table 2 ).
Blood pressure, the main outcome variable was measured indirectly and blood pressures classified according to the Seventh Joint National Committee on Hypertension (JNC VII) classification of blood pressures ( [5] . Blood pressure was measured using portable desk aneroid sphygmomanometers. Three different machines were used at different data collection points. These were calibrated against a standard desk mercury sphygmomanometer-C E 0483. The procedures used were adapted from the Zimbabwe STEPwise survey of 2005 (annex 2). Data collection tools and methods were pretested at Chinhoyi Clinic and revised accordingly.
Prevalence, frequencies, proportions were calculated using Epi info ver.3.5.1 (CDC, Atlanta, 2008) and Microsoft Excel ® 2007 was used to generate graphs. A double entry system was used to safe guard data quality. These were tested for statistical differences between comparison groups at the 5% significance level by constructing 95% confidence intervals around the point estimates and assessing these for overlap. T test and Chi square based P-values were also used to confirm the significance of the observed differences.
Bivariate analysis was done by comparing the hypertensive ART clients to those who were not through construction of series of 2 × 2 tables cross tabulating the outcome variable "Hypertension present?" Against different exposure variables and determining point estimates for the respective prevalence odds ratios (P.O.R.). These estimates were tested for statistical significance at the 5% significance level. Since controlling for any confounder and effect modifiers was not possible with this study design, stratified analysis calculating the prevalence odds ratios was done to control for confounding and assess for effect modification.
Forward step wise logistic regression was done to control for confounding by selecting variables which had shown associations with p-values that were 0.25 and less and building these into a model putting one variable at time.
Written and informed consent was sought and obtained from all study participants. For participants younger than 16 years we first sought parental consent followed by assent from the participants. Anonymity of study participants was guaranteed by appropriately coding all variables which could lead to identification of individual respondents. Data security was guaranteed by locking up all questionnaires in lockable cupboard. Untreated and inappropriately managed hypertensives were referred for appropriate care. 
Results

Introduction
We interviewed 400 ART clients. Seven questionnaires were excluded from the analysis due to absence of blood pressure record. Three hundred and ninety three (97%) completed questionnaire were analysed.
Socio-Demographic Characteristics of Respondents
Most of the respondents (52.4%) were between 30 to 45 years of age. More women (56.6%) than men were enrolled into this study. Most of the respondents (71.3%) were educated beyond primary level. Fifty eight percent were employed in the informal sector and 59.5% earning incomes less than 100 USD per month ( Table 4) .
Clinical and Behavioural Factors
Twenty nine percent of men and 36.6% of women were overweight or obese. There was no significant difference between the sexes (p = 0.16). The majority of women (90.4%) had waist to hip ratios that were in the high risk category whereas most men (66.7%) were in the medium risk category. Prevalence of alcohol consumption, routinely adding salt to served food (a proxy for high salt intake) and physical inactivity was above 50% in both men and women. Significantly more men (18.8%) than females (5%) reported smoking (POR 3.9; 95%CI: 1.8; 8.9). The reported median number of days in a week over which respondents reported being physically active was 3 days (IQR: 1 -5). On any given day the physical exertion took 3 hours (IQR: 2 -10).
Prevalence of Hypertension
The crude prevalence of hypertension from this study was 34.9% (30.2; 39.8). The prevalence on hypertension was higher among women (36.8%) as compared to men (32.9%). This was, however, not significant (POR 1.16; 95%CI: 0.76; 1.77). The distribution of clients in the different blood pressure categories is shown in Table 5 . Most of the respondents 79.4% (75.0; 83.3) had not been diagnosed with hypertension prior to the study and only 5.3% (3.6; 8.3) were hypertensive before they commenced ART. The prevalence of hypertension was highest among clients followed up at Chinhoyi Provincial hospital 43.3% (38.2; 49.5) followed by those attending Makonde Christian Hospital 31.6% (25.7; 37.5). It was least among clients from St Rupert's at 26.9 (20.8; 33.4).
The prevalence of hypertension was higher among those ART clients who were female 36.5% (30.1; 43.2), those who were single 37.4% (30.2; 45.1), those who had attained tertiary education 59.3% (38.8; 72.6) and those who were formally employed 41.2% (31.3; 51.7). It was also higher among those who had incomes above 350 USD 46.0% (31.8; 60.7).
The prevalence of hypertension in clients on Zidovudine and Stavudine containing regimens was 56.4% and 40% respectively showing a rise with increased duration of exposure to these medicines. This trend was not significantly different between sexes (p = 0.87).
Factors Associated with Hypertension
Significant life style related risk factors for hypertension among ART clients were, smoking, (POR5.24; 95%CI: 2.63 -10.44), routinely adding salt to served food (POR 3.52; 95%CI: 2.28 -5.46), B.M.I above 25 kg/m 2 (POR 2.22; 95%CI: 1.43 -3.43), and a waist to hip ratio above 0.85 for women (POR 2.51; 95%CI: 1.01 -6.98) ( Table 6) .
Having asymptomatic disease at HIV diagnosis (POR 2.88; 95%CI: 1.33 -6.23), being on a Stavudine or Zidovudine containing regimen (POR 2.00; 95%CI: 1.31 -3.09) and being on ART for more than 24 months (POR 3.99; 95%CI: 2.23 -7.13), were significantly associated with hypertension in this study ( Table 6 ).
Independent Risk Factors for Hypertension
General significant independent risk factors for hypertension in this study were being female (aOR 2.38; 95%CI: Of the 34.9% who were hypertensive, 20% were not aware they were hypertensive and only 9.9% were taking medication for their condition in the week prior to the interview. The proportion of respondents who had their blood pressure checked in the past year was 65.8% and only 33.7% had been given advice to address the modifiable risk factors for hypertension in their lives.
Discussion
The respondents interviewed in this study had a socio demographic profile similar to the profile of the general population, from which they were drawn as reported in the Zimbabwe Demographic and Health Survey of 2011 [9] . The treatment and disease related characteristics of the sampled clients were similar to those of ART clients in Zimbabwe as reported through national and local ART reports [11] - [13] . More women than men were interviewed; the modal age group of the sampled ART clients was 31 to 45 years and mostly first presented with stage 3 disease. Most were diagnosed with HIV after 2006. This suggests that a representative sample of ART clients in Makonde and in Zimbabwe was achieved in this study.
The crude prevalence of hypertension in this study was 34.9% (30.2; 39.8). This is comparable to findings from an American study by Gazzaruso et al. which similarly looked at hypertension among ART clients. They found a prevalence of hypertension of 34.2% [28] . Although a direct comparison with the HIV negative population is not possible in this study, a survey done in 2005 in Zimbabwe using similar tools and methods showed a prevalence of hypertension in the general population of 28% [7] . There was a high prevalence of modifiable risk factors for hypertension such as alcohol consumption, routinely adding salt to served food, physical inactivity at recreation and being overweight or obese among respondents in this study. The STEPwise survey done in Zimbabwe in 2005, had similar findings in the general population [7] . Symptomatic disease was protective. This could be an indication that once treated, ART clients have a similar hypertension risk profiles as the general population and hypertension should be routinely screened for during drug pick up and clinic reviews for HIV disease [23] .
More females than men had waist to hip ratios in the high risk category. This is in keeping with several local studies which have shown higher prevalence of lipodystrophy in women on ART as compared to men [10] [21]- [25] . The usual syndrome has central lipohypertrophy and lipoatrophy of the limbs [10] . Consequently women in this study were more likely to be hypertensive compared to men. Similar findings were reported by Sattler et al. in a case control study done between 2001 and 2010 [20] . This finding which is contrary to the general population where men carry a higher risk of hypertension than women is explained by the greater likelihood of dyslipidaemia in ART clients with lipodystrophy as compared to those without. Duration of ART more than 2 years was a risk factor for hypertension in this study. Similar findings have been reported by the MACS cohort study which ran from 1984 to 2003 and in an observational cohort analysis of a Senegalese ART cohort [18] [24]. ART regimens containing D4T or AZT were associated with higher likelihood of developing hypertension although statistical significance was lost after multivariate analysis. Several studies have described the hypertensive potential of nucleoside reverse transcriptase inhibitors due to their effect on lipid metabolism [14] [19] [20] [27] . Although the link between use of ART and dyslipidaemia can explain this observation, the increased survival and quality of life of PLHIV on ART and the attendant high prevalence of risk factors for hypertension such as obesity, recreational drug use and sedentary recreation seen in this study also play a significant role.
Having asymptomatic HIV infection at diagnosis was a risk factor for hypertension in this study. It can be explained, by different behavioural responses to illness between clients with symptomatic disease and those without. Patients who have experienced illness are motivated to adhere to treatment protocols, which include addressing all the modifiable risk factors for hypertension as compared to asymptomatic individuals.
Although the majority of hypertensive ART clients in this study were diagnosed after HIV diagnosis and subsequent ART, this in itself is not an indication of the hypertensive potential of ART. It may simply be due to increased opportunity for interacting with health personnel afforded to ART clients by sustained follow up for HIV care. This is a potential source of lead time bias in interpreting hypertension outcomes.
The management of hypertension by health providers in this study is suboptimal since up to 34.2% of respondents have not had their blood pressure checked in the past year despite their frequent interaction with health staff, consequently 30% of the hypertensive ART clients were not aware of their condition. This is similar to findings in a cross sectional study done in Tanzania in 2012-2013 where less than 25% of the respondents who included ART clients were aware of their hypertensive states [26] . This is further evidence of suboptimal health provider practices. An even lower percentage was actively taking medication at the time of the study and only a third had received some advice on preventing and managing hypertension. A pilot study done at a local secondary level facility in Nigeria concluded that integration of screening for cardiovascular diseases in ART clinic settings is feasible and essential, in order to improve the life expectancy of HIV-positive individuals [23] .
Limitations in this survey include failure to conduct laboratory testing for clients to assess for diabetes mellitus, dyslipidaemias and renal impairment which are common risk factors for hypertension in ART clients.
Low numbers of participants below 18 years were enrolled due to the absence in most cases of a guardian to give consent.
Conclusion
Hypertension is common among ART Clients in Makonde and has the same general risk as those in the general population. Being on ART for more than two years was a risk factor for hypertension for clients on ART in this study. Asymptomatic HIV disease could be a risk factor for hypertension due to lowered risk perception among clients initiated on ART before falling sick among ART clients in this study. Health providers in this assessment are not routinely screening for hypertension among ART clients hence miss out on managing up to 70% of the hypertension in the ART populationin Makonde
Recommendations
There is need to put in place a system and resources to screen all ART clients for hypertension as they come to consume ART services. ART clients older than 45 years, women and those on ART for more than 2 years are special groups that require special emphasis.
Health talks given to ART clients at reviews must include the benefits of exercise during recreation; restric-tion of salt intake, dietary management of weight and. Removal of salt from the table is a good starting point for managing the intake of salt at the household level. The relationship between hypertension and being on ART for more than 2 years, ART regimen and sex (ART clients) needs to be further evaluated using more powerful study designs such as a cohort studies with the inclusion of biochemical sampling.
There is need to develop a strategy of integrating chronic non communicable disease management and prevention into HIV programming since existing HIV care program affords a platform for interacting with clients whose susceptibilities have been enunciated by this study in Makonde.
